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Water Conveyance Structures 
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1.e., Required s/d =0.5+ 0.4 X0.65 = 0.76 
Calculated s/d = 3.34/3.0 = 1.113 > Required s/d_ (O.K.) 
Since y < h, additional depth is not required. 
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Simple surge tanks: The simple surge tank is of uniform cross-section 
and is open to the atmosphere, acting as a reservoir. It is directly 
connected to the penstock so that water flows in and out with small head 
losses when load variations occur. It is usually large in size with 
expensive proportions and sluggish in responding to damping surges. 
These are very rarely used in modern practice except in installations 
where load changes are either small or very gradual. 


Throttled tank: In the throttled tank (restricted orifice type tank) the 
restricted entry to the surge tank creates retardation and acceleration 
conditions of flow in the tunnel upstream of it, thus reducing the storage 
requirement and minimizing the maximum up and down surges. 
Although this type of surge tank is economical (because of its smaller 
size) compared with the simple tank section, the rapid creation of 
retarding and accelerating heads complicates the governing mechanism, 
requiring additional inertia in the turbo-generator units. 


Surge tank with expansion chambers: This type of surge tank consists 
of a narrow riser (main surge shaft); attached to it at either end are large 
expansion chambers. The narrow riser reacts quickly, creating 
accelerating or decelerating heads, and at the same time the expansion 
chambers minimize the maximum up- and down-surge levels, thus 
limiting the range of surge levels (i.e. easier governing). In order to 
reduce the costs of the structure, spilling arrangements may sometimes 
be provided either to wastage (if water is not scarce) or back to the 
penstock. 


Differential surge tank: This type (also known as Johnson’s differential 
tank) consists of an internal narrow riser shaft with an orifice entry to the 
larger outer shaft at the bottom. As the central riser is narrow it responds 
instantaneously during the upward phase; at the same time the maximum 
amplitude is restricted to its top level, any excess water spilling back into 
the outer chamber. Similarly, during the downward phase water spills 
into the narrow riser while the riser itself responds quickly to 
maintaining the desired level. The differential tank with an extended 
penstock, which acts as a central riser. 
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Water hammer phenomena (Hydraulic Transient) 


What is water hammer? 

Water hammer is a phenomena that occurs in pressurized pipe systems 
when the flowing liquid is suddenly (instantaneously) obstructed by (for 
example) closing a valve or by pump stoppage (failure). A laud noise 
similar to hammer knocking noise occurs due to the collision of the 
liquid mass with the obstruction body (valve or pump) and the internal 
walls of the pipe. 


The magnitude of pressure rise depends on: 
(i) The speed at which valve is closed, 
(ii) The velocity of flow, 
(iii) The length of pipe, and 
(iv) The elastic properties of the pipe material as well as that of the flowing fluid. 
The rise in pressure in some cases may be so large that the pipe may even burst and therefore it 
is essential to take into account this pressure rise in the design of the pipes. 


What is the problem with water hammer? 

Hydraulic transient (water hammer) may cause disasters in pressurized 
liquid systems such as: 

1. Rupture of pipes and pump casings. 

2. Vibration and high noise. 

3. Excessive pipe displacements. 

4. Vapor cavity formation. 

5. Environmental pollution. 

6. Life and economical losses. 


When water hammer occurs? 

The most common cases where water hammer occurs are: 
1. Turbine/pump failure. 

2. Turbine/pump start up. 

3. Sudden closure a valve. 

4. Failure of flow or pressure regulators. 
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